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Block for filtering particulates present in the exhaust gases of an internal 

combustion engine 

The invention relates to a block and to a body formed by assembling a 
5 plurality of said blocks, used in particular for filtering particulates present in the 
exhaust gases of an internal combustion engine, particularly of the diesel type. 

Conventionally, before being released to the open air, the exhaust gases 
may be purified by means of a particulate filter like the one shown in Figures 1 and 2, 
known in the prior art. 

10 A particulate filter t is shown in Figure 1 in a transverse cross section, along 

the plane of section B-B shown in Figure 2, and in Figure 2 in a longitudinal cross 
section along the plane of section A-A shown in Figure 1 . 

The particulate filter 1 conventionally comprises at least one filter body 3, 
inserted in a metal housing 5. The filter body 3 results from the assembly and 

1 5 machining of a plurality of blocks 1 1 , referenced 1 1 a-1 1 i. 

To fabricate a block 11, a ceramic material (cordierfte, silicon carbide, etc.) 
is extruded to form a porous honeycomb structure. The extruded porous structure 
conventionally has the shape of a rectangular parallelepiped, comprising four 
longitudinal edges 11', extending along an axis D-D between two substantially 

20 square upstream 12 and downstream 13 faces at which a plurality of adjacent, 
square section, straight channels 14 terminate, parallel to the axis D-D. The 
channels are formed by the interpenetration of two sets of plane and parallel 
partitions, the partitions of the first set being perpendicular to the partitions of the 
second set. The four partition portions bounding a channel 14 constitute a side wall 

25 22 of this channel. Conventionally, all the partitions of the two sets have the same 
thickness, that is, the side wall 22 of any channel 14 has a constant thickness. 

After extrusion, the extruded porous structures are alternately plugged on 
the upstream face 12 (outlet channels 14s) or on the downstream face 13 (inlet 
channels I4e), by upstream 15s and downstream 15e plugs, respectively, as is well 

30 known. At the opposite end of the outlet 14s and inlet 14e channels from the 
upstream 15s and downstream 15e plugs, respectively, the outlet 14s and inlet 14e 
channels terminate outwardly in outlet 19s and inlet 19e openings, respectively, 
extending on the downstream 13 and upstream 12 faces, respectively. 

Each channel 14 thereby defines an internal volume 20 bounded by the side 

35 wall 22, a plug 15s or 15e, and an outwardly terminating opening 19s or 19e. 
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The set of external faces 1 5' of the channels located at the periphery of a 
block 11, or "peripheral channels" 14p, forms an external surface 16 of the block 11 
(see Figure 3). Because of the substantially square transverse cross section of the 
block 11, the external surface 16 comprises four faces 16a-16d, perpendicular in 
5 pairs. 

The blocks 11a-11i are assembled together by bonding using seals 27 of 
ceramic cement generally consisting of silica and/or silicon carbide and/or aluminum 
nitride. The assembly thus formed can then be machined to obtain, for example, a 
round cross section. Thus the external blocks 11a, 11b, 11c f 11d, 11e f 11f, 11g, 11h 

10 have an external face that is rounded by machining. 

This produces a cylindrical filter body 3 with axis C-C, which can be inserted 
into the housing 5, a peripheral seal 28, gastight to the exhaust gases, being 
arranged between the external filter blocks 11 a-1 1 h and the housing 5. 

As indicated by the arrows shown in Figure 2, the flow F of exhaust gases 

15 enters the filter body 3 via the openings 19e of the inlet channels 14e t passes 
through the filtering side walls of these channels to join the outlet channels 14s, and 
then escapes to the exterior via the openings 19s. 

After a certain period of use,. the particulates, or "soot", accumulated in the 
inlet channels 14e of the filter body 3 impair the performance of the engine. This is 

20 why the filter body 3 must be regenerated regularly, for example every 500 
kilometers. The regeneration, or "unclogging", consists in oxidizing the soot by 
heating it to a temperature permitting its ignition. 

During the regeneration phases, the exhaust gases transport downstream 
all the heat energy liberated by the combustion of the soot. Moreover, since the soot 

25 is not uniformly deposited in the various channels, the combustion zones are not 
uniformly distributed in the filter body 3. Finally, the peripheral zones of the filter 
body 3 are cooled, via the metal housing 5, by the surrounding air. 

As a result, the temperature differs according to the zones of the filter body 
3 and does not vary uniformly. The nonuniformity of the temperatures within the filter 

30 body 3 and the differences in the nature of the materials used for the filter blocks 
11a-11i on the one hand, and for the seals 27 on the other, generate high amplitude 
local stresses, which can cause local breakage or cracks. In particular, the local 
stresses at the interfaces between the blocks 11a-11h and the housing 5, and 
between the blocks 11a-11i and the seals 27, can cause cracks in the blocks 11a-11i 

35 thereby shortening the service life of the particulate filter 1 . 
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It is the object of the invention to provide a novel block 1 1 able to decrease 
this risk of cracking. 

This object is achieved by means of a block, particularly for filtering 
particulates present in the exhaust gases of an internal combustion engine, said 
5 block comprising a plurality of flow channels for said gases, each of said channels 
being bounded by a side wall, a plug and an opening terminating outwardly. 

The filter block according to the invention is remarkable in that a first portion 
of the side wall of at least one of said channels, called the "reinforced channel" , 
comprises a reinforcement compared to the rest of said side wall forming a second 
10 portion of said side wall, the ratio R of the thickness "E" of said first portion to the 
thickness M e" of said second portion, in a transverse plane of section, being between 
1.1 and 3. 

As will be seen in greater detail in the rest of the description, the presence of 
a reinforcement locally strengthens the block, thereby advantageously limiting the 
1 5 risks of cracking. 

The filter block according to the invention also comprises, preferably, the 
following other features: 

the filter block comprises a group of said adjacent reinforcement channels 
arranged so that said first portions of said reinforced channels form a continuous 
20 reinforcing partition. The reinforcement formed by said reinforced channels is thus 
continuous. The continuity of the reinforcement confers an additional stiffness on the 
filter block, thereby advantageously helping to even further limit the appearance of 
cracks. 

the reinforced channels of said group extend to the periphery of said block. The 
25 reinforcing partition can thereby, at least partly, surround the internal channels and 
stiffen them. The cracking of the internal channels thus "protected" is thereby 
advantageously limited. 

said first portion comprises an external face in contact with the exterior of said 
block. 

30 - said reinforced channels of said group are arranged so that said reinforcing 
partition overlaps a longitudinal edge of said filter block. The longitudinal edges of 
the filter block are the zones of appearance of the highest thermomechanical 
stresses. An overlap of these zones by the reinforcing partition is therefore 
advantageous. 

35 - said group of reinforced channels comprises all the peripheral channels of said 
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block. The reinforcing partition thereby surrounds the filter block. Such a surround 
advantageously serves to stiffen all the channels of the block in a particularly 
effective manner. Preferably, said reinforcing partition is at the external surface of 
said block. 

5 - said ratio of R = E/e is constant irrespective of said transverse plane of section P 
considered. The stiffening effect of the reinforcement or of the reinforcing partition is 
thereby substantially constant along the whole length L of the fitter block. 

said reinforcement is substantially constant in any longitudinal plane of section of 
said block. Advantageously, the fabrication of the block, and particularly the extrusion 
10 of the initial porous structure, is thereby simplified. 

said reinforcement is substantially constant for all the reinforced channels of said 
group, in any transverse plane of section and/or in any longitudinal plane. The 
reinforcing partition thus has a substantially constant thickness. 

said ratio R is between 1.9 and 2.1, preferably is substantially equal to 2. Such 
1 5 ratios R have in fact advantageously served to obtain the lowest level of cracking. 

The invention also relates to a filter body for a particulate filter, which is 
remarkable in that it comprises at least one filter block according to the invention. 

The invention also relates to an extrusion die shaped so as to form, by 
extrusion of a ceramic material, a structure provided with channels suitable for the 
20 fabrication of a filter block according to the invention, said structure comprising said 
reinforcement. According to the invention, the filter block is preferably "one-piece", 
that is, the reinforcement is not added on to the filter block, but is of one piece with it. 
The stiffness of the filter block and its resistance to cracking are thereby 
advantageously improved. Furthermore, any risk of delamination of material forming 
25 the reinforcement is thereby advantageously eliminated. Finally, the fabrication of the 
filter block is thereby simplified. 

The invention also relates to a method for fabricating a filter block 
comprising the following successive steps: 

a) extrusion of a ceramic material to form a porous honeycomb structure, 
30 b) application of a reinforcement of a material, identical or different from 

said ceramic material, to at least part of the external surface of said porous structure, 
and 

c) drying and sintering of said porous structure to obtain a filter block. 
Optionally, the porous structure may be dried between steps a) and b), and 
35 then machined, the material reinforcement being preferably applied at least to part of 
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said external surface having been machined. 

The filter block obtained can be assembled with other filter blocks, 
preferably with the interposition of seals, continuous or not, to fabricate a filter body. 

The description that follows, with reference to the drawings appended 
5 hereto, will help to better understand and appreciate the advantages of the invention. 
In these drawings: 

Figure 1 shows a particulate filter of the prior art, in transverse cross section 
along the transverse plane of section B-B shown in Figure 2; 

Figure 2 shows the same particulate filter, along the longitudinal plane of section 
1 0 A-A shown in Figure 1 ; 

Figure 3 shows a perspective view of a block according to the invention, in the 
preferred embodiment; 

Figure 4 shows, in transverse cross section along the plane P shown in Figure 3, 
a detail of the block shown Figure 3; 
15 - Figures 5 and 6 show, in plan view, longitudinal cross sections, along a median 
plane M as shown in Figure 7, of filter bodies consisting of 16 blocks according to 
and not according to the invention, respectively, after having undergone severe 
regeneration tests; and 

Figure 7 shows, in transverse cross section, a filter body used for said tests. 
20 In these figures, which are nonlimiting, the various elements are not 

necessarily shown to the same scale. Identical references have been used in the 
various figures to denote identical or similar elements. 

According to the invention, a portion of side wall of a channel comprises a 
"reinforcement" when it is thicker than the rest of the side wall of this channel. The 
25 channel is then dubbed a "reinforced channel". As shown in Figure 4, to measure a 
thickness of a wall of a channel, one takes a positron opposite this wall, thereby 
excluding any thickness measurement in the corners of the internal volume of this 
channel. 

The expression "reinforcing partition" is applied to a set of wall portions 
30 having a reinforcement, said set forming a continuous surface, plane or not. 

Figures 1 and 2 having been described in the preamble, we shall now refer 
to Figure 3, also partially described above. 

The fitter block 1 1 shown in Figure 3 comprises a reinforcing partition 30 that 
forms the four faces 16a-d of the external surface 16 of the filter block 1 1 . 
35 Figure 4 shows three adjacent peripheral channels 14p\ 14p and 14p" in 



detail, bounded by side walls 22', 22 and 22", respectively. The side walls 22', 22 
and 22" each have an external portion 34', 34 and 34", respectively, in contact with 
the exterior of the block 11, and an internal portion 36* , 36 and 36", respectively, 
separating the internal volumes 38\ 38 and 38" respectively, from the adjacent 
5 channels. 

The external portions 34' , 34 and 34" have a constant thickness, denoted 
a E", irrespective of the transverse plane of section P. 

The internal portion comprises two or three substantially plane internal parts, 
according to whether the channel considered extends or does not extend along a 
1 0 longitudinal edge of the block 1 1 . 

Thus, the internal portion 36 of the side wall 22 of the channel 14p shown 
comprises three parts 36 1f 36 2 and 363, while the internal portion 36" of the side wall 
22" of the comer channel 14p", defining the longitudinal edge 11\ comprises two 
parts 36" and 36 3 , the part 36 3 being common to the side walls 22 and 22". 
1 5 The internal parts have the same constant thickness, denoted "e", 

irrespective of the transverse plane of section P. 

All the peripheral channels have a side wall formed on the model described 
above, with an internal portion of constant thickness " e", and an external portion of 
constant thickness *E 

20 The reinforcing partition 30 is formed by all the external portions of the side 

walls of the peripheral channels. Its thickness is constant and equal to a E M . The 
reinforcing partition 30 extends along the whole length M L W of the block 11, from the 
upstream face 12 to the downstream face 13, forming the external surface 16 of the 
block 11. 

25 The ratio R of the thickness "E M to thickness "e" is between 1.1 and 3, 

preferably, between 1.9 and 2.1, and even more preferably, as shown, is 
substantially equal to 2. 

The reinforcing partition thus has the shape of a sleeve with four faces 16a, 
16b, 16c and 16d of constant thickness E, open to the upstream and downstream 

30 faces of the block 1 1 . 

Preferably, the reinforcement of the reinforcing partition is arranged so that, 
in any transverse plane of section P, the flow cross sections of the reinforced inlet 
and outlet channels are substantially identical to those of the other inlet and outlet 
channels, respectively. Advantageously, the application of a reinforcement therefore 

35 does not alter the volumes of the reinforced channels and therefore the overall 
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efficiency of the filter block. 

Preferably, the reinforcing partitions extend longitudinally and are fabricated 
during the extrusion of the block 1 1 using a suitable die, according to techniques 
known to a person skilled in the art. 
5 The assembly of blocks according to the invention produces a structure 

which has an internal network of reinforcing partitions improving its resistance to 
cracking. 

After optional machining of this structure to form a filter body, a material 
reinforcement can be added at the periphery of the filter body. The risk of cracking is 
1 0 thereby further diminished. 

In one embodiment of the invention, all the assembled blocks have a 
reinforcement, preferably constant, along their whole external surface 16. After 
assembly, the peripheral reinforcements of the blocks thereby form in transverse 
cross section, a grid considerably enhancing the resistance to cracking compared to 
15 a filter body that does not have a reinforcement at its periphery. 

More preferably, irrespective of the embodiment, the thickness of the 
internal portions of the side walls of the peripheral channels is identical to the 
thickness of the walls of the internal channels (that is, which are not peripheral 
channels) of the filter block. The efficiency of filtration across all the internal walls of 
20 the filter block, that is, walls which are not in contact with the exterior of the block, is 
thereby substantially the same, irrespective of the internal wall considered. 

The fabrication of the filter body is also thereby simplified, because the filter 
blocks can be assembled interchangeably at any position inside the filter body. 

Tests have been conducted to evaluate the cracking resistance of a filter 
25 body comprising 16 conventional filter blocks (Figure 6) and of a filter body 
comprising 16 blocks of the same type but, like the block shown in Figure 3, 
comprising a peripheral reinforcing partition according to the invention (Figure 5). 
These two filter bodies were subjected to severe regeneration (corresponding to an 
engine speed of 120 km/hour, followed by transition to idling speed followed by post- 
30 injection) to 5 g/l on an engine test bench. The filter blocks were then cut 
longitudinally along a median plane. The longitudinal sections of four filter blocks are 
thus observed. A comparison of the longitudinal sections shown in Figures 5 and 6 
clearly shows that the blocks according to the invention do not have any cracks, 
unlike the blocks according to the prior art, which have cracks T of a length generally 
35 greater than 0.5 mm and possibly extending along the whole length L of the block. 
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Cracks are visible to the naked eye and under the microscope. 

As is clearly apparent now, the filter block with reinforced structure 
according to the invention has better resistance to cracking than the blocks of the 
prior art. 

5 Obviously, the present invention is not limited to the embodiment described 

and shown above, which is provided for illustration and is nonlimiting. 

The thickness E is not necessarily constant along a transverse section of a 
portion of wall having a reinforcement. In particular, said wall portion may have one 
plane face and one domed or wavy face. If the block 11 comprises a reinforcing 
10 partition forming its external surface 16, the plane face of the wall portions forming 
this partition is preferably an external face, so that the external surface 16 of the 
block is formed of flat sections, while the internal face of the reinforcing partition has 
waves, in transverse cross section. 

Neither is the thickness E necessarily constant between the various 
15 reinforced channels forming a reinforcing partition. For example, the thickness E 
may be larger for the outlet channels than for the inlet channels. 

Thus, the reinforcing partition may be locally interrupted by "pockets" without 
reinforcement, may not extend along the whole length L of the block, or may extend 
along only part of the peripheral channels of the block. 
20 In this latter case, preferably, the reinforcing partition nevertheless overlaps 

at least one longitudinal edge of the filter block, preferably all the longitudinal edges. 
Preferably, the reinforcing partition extends along the whole length L of the block. 

The shape, dimensions and number of reinforcing partitions are nonlimiting. 
Preferably, the block 1 1 comprises only one continuous reinforcing partition, 
25 forming its external surface 16. The external surface 16 of a block is in fact not or 
only little used for filtering the gases, the seals 27 in contact with this external surface 
16 forming a substantially gastight barrier to the gases. Arranging the reinforcing 
partition at the periphery of the block thereby avoids decreasing the overall filter area 
of the block, and hence the filtration efficiency of the block. Preferably, the average 
30 thickness E* of the reinforcing partition is greater than the average thickness of the 
walls or wall portions of the channels of the block other than the wall portions forming 
the reinforcing partition. 

However, one or more reinforcing partitions could also be inserted in the 
block, preferably traversing the block completely, more preferably extending 
35 substantially parallel to the side faces 16a-16d of the block. 
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The thickness of a reinforcing partition could also evolve, periodically or not, 
in a longitudinal or transverse plane. Advantageously, it is thus possible to adapt the 
thickness of the reinforcing partition to the intensity of the local thenmomechanical 
stresses. 

5 In a transverse plane of section, it is preferable for the reinforcement to vary 

uniformly, preferably in a substantially sinusoidal manner, in order to increase the 
volume of the inlet channels compared to the volume of the outlet channels. 

It is also possible to arrange a reinforcement on the surface of the block 1 1 
by fixing additional material thereon by bonding, welding or any other known 

10 technique. The material added on may be identical or different to the material 
constituting the block 11. A material reinforcement is preferably applied, after 
extrusion, to those faces of the blocks having been machined, for example, to the 
rounded external faces of the blocks 11 a-1 1 b. 

The filter block 1 1 could have any shape. The transverse cross section of 

15 the channels 14 is not limited to the square shape. The cross section of the inlet 
channels could also be different from that of the outlet channels. The transverse 
cross section of a channel could also evolve, periodically or not, along this channel. 



